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(54) Advanced driver assistance system for a vehicle and method for operating an advanced driver 
assistance system for a vehicle

(57) An advanced driver assistance system (1) for a
vehicle (2) is provided, wherein the vehicle (2) comprises
at least one tire (3) and at least one adaptable aerody-
namics adaption unit (4) for adapting a downforce acting
on the vehicle (2) during a motion of the vehicle (2). The
advanced driver assistance system (1) comprises a first

determining unit (5) for determining a parameter indica-
tive of a footprint (25) of the at least one tire (3) and a
control unit (6) for controlling the at least one adaptable
aerodynamics adaption unit (4) based on the determined
parameter.
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Description

[0001] The present invention relates to an advanced
driver assistance system for a vehicle, a vehicle, a meth-
od for operating an advanced driver assistance system
for a vehicle and a computer program product.
[0002] GB 2 495 983 A discloses a braking system for
a land vehicle with wheels for reducing the stopping dis-
tance under emergency braking. The system comprises
one or more braking elements which, when deployed,
change the aerodynamic characteristics of the vehicle
so as to enhance the frictional force between the wheels
and the road and/or increases the aerodynamic drag of
the vehicle, an actuator for deploying each of the braking
elements and a control system for automatically actuat-
ing the or each actuator when at least one pre-set con-
dition is met.
[0003] An object of the present invention is to provide
an advanced driver assistance system for a vehicle, a
vehicle, a method for operating an advanced driver as-
sistance system for a vehicle and a computer program
product which provide an improved stability of the vehicle
during a motion of the vehicle.
[0004] This object is solved by the subject matter of
the independent claims. Further advantageous features
are the subject matter of the dependent claims.
[0005] According to an aspect of the invention, an ad-
vanced driver assistance system for a vehicle is provided,
wherein the vehicle comprises at least one tire and at
least one adaptable aerodynamics adaption unit for
adapting a downforce acting on the vehicle during a mo-
tion of the vehicle. The advanced driver assistance sys-
tem comprises a first determining unit for determining a
parameter indicative of a footprint of the at least one tire
and a control unit for controlling the at least one adaptable
aerodynamics adaption unit based on the determined pa-
rameter.
[0006] The advanced driver assistance system ac-
cording to said aspect of the invention provides an im-
proved stability of the vehicle during a motion of the ve-
hicle. This is achieved in particular by the first determining
unit being configured to determine a parameter indicative
of a footprint of the at least one tire and by the control
unit being configured to control the at least one adaptable
aerodynamics adaption unit based on the determined pa-
rameter. As will be explained in detail in the following,
the footprint of the at least one tire is thus used by the
control unit as a measure of the stability of the vehicle in
order to adapt the at least one adaptable aerodynamics
adaption unit to adapt the downforce acting on the vehi-
cle.
[0007] In an embodiment, the first determining unit is
configured to determine a length of the footprint of the at
least one tire. The length of the footprint may be deter-
mined in a simple and effective manner, thus reducing
the processing resources required to operate the ad-
vanced driver assistance system.
[0008] In a further embodiment, the first determining

unit comprises at least one sensor selected from the
group consisting of an acceleration sensor and a shock
sensor. Said sensors are specifically suitable for deter-
mining the parameter indicative of the footprint.
[0009] In another embodiment, the first determining
unit is arranged at an inner side of a tire wall of the at
least one tire. Thereby, the parameter indicative of the
footprint may be determined with very high accuracy.
[0010] In a further embodiment, the control unit is a
closed loop controller for controlling the at least one
adaptable aerodynamics adaption unit based on the de-
termined parameter. Thereby, the stability of the vehicle
may be further improved.
[0011] The advanced driver assistance system may
further comprise a second determining unit for determin-
ing a speed of the vehicle and the control unit may further
be configured to control the at least one adaptable aer-
odynamics adaption unit based on the determined speed
of the vehicle. Thereby, the speed of the vehicle may
advantageously be taken into account when the down-
force acting on the vehicle is adapted by the at least one
adaptable aerodynamics adaption unit.
[0012] The control unit may be configured to determine
a nominal value of the footprint of the at least one tire
based on the determined speed of the vehicle. In partic-
ular, the control unit may be configured to determine a
nominal value of the length of the footprint of the at least
one tire based on the determined speed of the vehicle.
In said embodiment, a dependence of the footprint of the
at least one tire on the speed of the vehicle may advan-
tageously be taken into account when controlling the at
least one adaptable aerodynamics adaption unit. A de-
pendence of the footprint of the at least one tire on the
speed of the vehicle may arise from the effect, that, with
increasing velocity, a steel mesh of the tire may become
stiffer, thereby reducing the length of the footprint. Said
reduction of the length of the footprint may thus be con-
sidered by the control unit when determining the nominal
value of the footprint of the at least one tire.
[0013] According to a further aspect of the invention,
a vehicle is provided. The vehicle comprises at least one
tire, at least one adaptable aerodynamics adaption unit
for adapting a downforce acting on the vehicle during a
motion of the vehicle, and an advanced driver assistance
system according to any of the embodiments mentioned
above.
[0014] In an embodiment, the at least one adaptable
aerodynamics adaption unit comprises at least one
adaptable air guiding device. Thereby, the downforce
acting on the vehicle may be adapted in an efficient man-
ner.
[0015] In particular, the at least one adaptable air guid-
ing device may comprise at least one adaptable spoiler
and/or at least one adaptable flap, for example at least
one adaptable roof flap, and/or at least one adaptable
wing.
[0016] The vehicle may be a motor vehicle, in particular
a passenger car or a commercial road vehicle.
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[0017] A method for operating an advanced driver as-
sistance system for a vehicle is also provided. The vehicle
comprises at least one tire and at least one adaptable
aerodynamics adaption unit for adapting a downforce
acting on the vehicle during a motion of the vehicle. The
method comprises determining a parameter indicative of
a footprint of the at least one tire by a first determining
unit of the advanced driver assistance system and con-
trolling the at least one adaptable aerodynamics adaption
unit based on the determined parameter by a control unit
of the advanced driver assistance system.
[0018] In an embodiment, determining the parameter
comprises determining a length of the footprint of the at
least one tire. The length of the footprint may be deter-
mined in a simple and effective manner, thus reducing
the processing resources required to operate the ad-
vanced driver assistance system.
[0019] In another embodiment, the method further
comprises determining a speed of the vehicle by a sec-
ond determining unit of the advanced driver assistance
system and controlling the at least one adaptable aero-
dynamics adaption unit based on the determined speed
of the vehicle. Thereby, the speed of the vehicle may
advantageously be taken into account when the down-
force acting on the vehicle is adapted by the at least one
adaptable aerodynamics adaption unit.
[0020] Controlling the at least one adaptable aerody-
namics adaption unit based on the determined speed of
the vehicle may comprise determining a nominal value
of the footprint of the at least one tire based on the de-
termined speed of the vehicle. In said embodiment, a
dependence of the footprint of the at least one tire on the
speed of the vehicle may advantageously be taken into
account when controlling the at least one adaptable aer-
odynamics adaption unit.
[0021] In particular, determining the nominal value of
the footprint of the at least one tire may comprise deter-
mining a nominal value of the length of the footprint of
the at least one tire based on the determined speed of
the vehicle.
[0022] A computer program product is also provided
that comprises code tangibly embodied thereon, that
when executed on a processor, causes the processor to
perform a method according to one of the embodiments
described above.
[0023] The vehicle, the method and the computer pro-
gram product according to said aspects of the invention
provide an improved stability of the vehicle during a mo-
tion of the vehicle as already discussed in connection
with the embodiments of the advanced driver assistance
system mentioned above.
[0024] Embodiments will now be described with refer-
ence to the accompanying drawings.

Figure 1A illustrates a schematic diagram of a vehicle
according to an embodiment of the inven-
tion.

Figure 1B illustrates a schematic diagram of one of
the wheels of the vehicle illustrated in Fig-
ure 1A.

Figure 2 illustrates a schematic diagram of an ad-
vanced driver assistance system according
to an embodiment of the invention.

Figure 3 is a flowchart illustrating a method for op-
erating an advanced driver assistance sys-
tem for a vehicle according to an embodi-
ment of the invention.

[0025] Figure 1A illustrates a schematic diagram of a
vehicle 2 according to an embodiment of the invention.
[0026] In the illustrated embodiment, the vehicle 2 is a
passenger car. The vehicle 2 comprises four wheels 15,
of which a front wheel and a rear wheel are illustrated in
Figure 1A.
[0027] The wheels 15 each comprise a pneumatic tire
3. In each tire 3, a tire module 18 is arranged. The tire
module 18 comprises a first determining unit for deter-
mining a parameter indicative of a footprint of the respec-
tive tire 3. For reasons of clarity, the first determining unit
is not illustrated in Figure 1A and will be explained in
further details with reference to the following figures, in
particular with reference to Figure 1B and Figure 2.
[0028] The vehicle 2 further comprises an adaptable
aerodynamics adaption unit 4 for adapting a downforce
acting on the vehicle 2 during a motion of the vehicle 2.
[0029] In the illustrated embodiment, the adaptable
aerodynamics adaption unit 4 comprises two adaptable
air guiding devices 12, namely an adaptable spoiler 13
and an adaptable flap 14. The spoiler 13 is arranged at
a rear end 19 of the vehicle 2 and the flap 14 is a roof
flap of the vehicle 2.
[0030] In a further embodiment, the adaptable aerody-
namics adaption unit 4 comprises at least one adaptable
wing additionally or alternatively to the adaptable spoiler
13 and the adaptable flap 14.
[0031] The adaptable spoiler 13 is rotatable around an
axis 24 as illustrated schematically by an arrow A by
means of an actuator 21. The actuator 21 comprises an
electric motor 20, for example a stepping motor, which
is coupled to the spoiler 13 via a crank drive 35 and Bow-
den cables 22, 23.
[0032] The actuator 21 is controlled by a control unit 6
of the vehicle 2, for example by a body control module
of the vehicle 2.
[0033] The adaptable roof flap 14 is rotatable around
an axis (not illustrated) by means of a further actuator in
a way that corresponds to the rotation of the adaptable
spoiler 13 by the actuator 21. The further actuator is not
illustrated in Figure 1A for reasons of clarity and is also
controlled by the control unit 6.
[0034] As will be explained in detail in the following,
the control unit 6 is configured to control the adaptable
aerodynamics adaption unit 4 based on the determined

3 4 



EP 3 037 285 A1

4

5

10

15

20

25

30

35

40

45

50

55

parameters indicative of the respective footprint of the
four tires 3 of the vehicle 2. Moreover, in the illustrated
embodiment, the control unit 6 is configured to control
the adaptable aerodynamics adaption unit 4 based on
the speed of the vehicle 2. To this end, the control unit 6
is coupled to a second determining unit 11 of the vehicle
2, wherein the second determining unit 11 is configured
to determine the speed of the vehicle 2. In particular, the
control unit 6 is configured to determine and set a nominal
value of the footprint of the respective tire 3 based on the
determined speed of the vehicle 2. The nominal value is
also referred to as a target value or a reference value of
the control unit 6.
[0035] Figure 1B illustrates a schematic enlarged dia-
gram of one of the wheels 15 of the vehicle 2 illustrated
in Figure 1A. Components with the same function as in
Figure 1A are designated with the same reference signs
and are not explained again in the following.
[0036] As illustrated in Figure 1B, the pneumatic tire 3
of the wheel 15 comprises a tire wall 9. The tire wall 9
has an inner side 8 and an outer side 36 opposite the
inner side 8. The inner side 8 is illustrated schematically
by a dashed line and the outer side 36 is illustrated sche-
matically by a continuous line in Figure 1B. The outer
side 36 provides a tread of the pneumatic tire 3. The
pneumatic tire 3 is mounted on a rim 17 of the wheel 15.
[0037] A tire module 18 is mounted on the inner side
8 of the tire wall 9. For example, the tire module 18 is
glued on the inner side 8. As explained in more detail
below, a length lf of a footprint 25 of the tire 3 may be
determined by a determining unit 5 of the tire module 18,
when the tire module 18 is arranged adjacent a road sur-
face 16 on which the pneumatic tire 3 travels. For exam-
ple, the determining unit 5 may determine when the tire
module 18 enters and exits the footprint 25. Thus, a time
period in which the tire module 18 is arranged adjacent
the footprint 25 may be determined. Typically, the length
lf of the footprint 25 is determined as a fraction of a full
revolution of the tire 3. The footprint 25 of the tire 3 is
also referred to as a current contact patch of the tire 3.
[0038] Figure 2 illustrates a schematic diagram of an
advanced driver assistance system 1 of the vehicle 2
illustrated in Figure 1A according to an embodiment of
the invention. Components with the same function as in
Figures 1A and 1B are designated with the same refer-
ence signs and are not explained again in the following.
For reasons of clarity, the vehicle 2 is illustrated sche-
matically in Figure 2. Moreover, the aerodynamics adap-
tion unit and the wheels of the vehicle 2 are not illustrated
again in detail in Figure 2.
[0039] The advanced driver assistance system 1 com-
prises a first determining unit 5 for determining a param-
eter indicative of a footprint of a tire of the vehicle 2 to
which the first determining unit 5 is mounted. Moreover,
the advanced driver assistance system 1 comprises a
control unit 6 for controlling the adaptable aerodynamics
adaption unit based on the determined parameter.
[0040] In the illustrated embodiment, the first determin-

ing unit 5 is configured to determine a length of the foot-
print of the respective tire. To this end, the first determin-
ing unit 5 comprises a sensor 7 selected from the group
consisting of an acceleration sensor and a shock sensor.
Typically, the length of the footprint is determined as a
fraction of a full revolution of the tire.
[0041] The first determining unit 5 is part of a tire mod-
ule 18. Typically, the vehicle 2 comprises one tire module
18 for each of the tires of the vehicle 2. For reasons of
clarity, only one tire module 18 is illustrated in detail in
Figure 2.
[0042] In the illustrated embodiment, the tire module
18 which may also be referred to as Wheel Unit (WU) is
part of a tire pressure monitoring system (TPMS) of the
vehicle 2, which is also referred to as tire information
system (TIS). To this end, the tire module 18 further com-
prises a pressure sensor 27 for determining a pressure
of the pneumatic tire. Moreover, the tire module 18 may
comprise a temperature sensor (not illustrated) for de-
termining a temperature of the respective pneumatic tire.
[0043] Additionally, the tire module 18 comprises an
electrical energy storage device 28 providing power to
the aforementioned components of the tire module 18,
for example a battery. The tire module 18 may further
comprise an energy converter (not illustrated) for provid-
ing power to the aforementioned components of the tire
module 18 by converting mechanical energy into electri-
cal energy. For example, the energy converter may be a
bending piezoelectric stripe.
[0044] The tire module 18 further comprises transmit-
ting means 26 in the form of an RF transmitter configured
to wirelessly transmit the determined length of the foot-
print as well as the determined pressure and possibly the
determined temperature of the pneumatic tire to a receiv-
er 29 of the vehicle 2.
[0045] In the illustrated embodiment, the control unit 6
is a closed loop controller 10 for controlling the adaptable
aerodynamics adaption unit based on the determined pa-
rameter indicative of the footprint of the respective tire to
which the tire module 18 is mounted. To this end, the
control unit 6 is connected to the receiver 29 by a signal
line 31, to the actuator 21 of the spoiler illustrated in Fig-
ure 1A by a signal line 33 and to a further actuator 30 of
the roof flap illustrated in Figure 1A by a signal line 34.
[0046] The control unit 6 is further configured to control
the adaptable aerodynamics adaption unit based on a
current speed of the vehicle 2. To this end, the control
unit 6 is connected to a second determining unit 11 for
determining a speed of the vehicle 2 by a signal line 32.
In the illustrated embodiment, the control unit 6 is con-
figured to determine and set a nominal value of the foot-
print of the respective tire based on the determined speed
of the vehicle 2. In particular, the control unit 6 may be
configured to determine and set a nominal value of the
length of the footprint of the respective tire based on the
determined speed of the vehicle 2.
[0047] To this end, the control unit 6 may comprise a
storage device (not illustrated) storing a table or a dia-
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gram containing a plurality of nominal values of the length
of the footprint, wherein each nominal value is assigned
to a certain speed of the vehicle 2. The storage device
may contain a plurality of said tables or diagrams, each
table or diagram being assigned to a specific type of tire
and the control unit 6 may select the appropriate table or
diagram based on a type of the currently mounted tire.
Information about the type of the currently mounted tire
may be provided by the tire module 18 and/or by an input
of a user of the vehicle 2.
[0048] Figure 3 is a flowchart illustrating a method for
operating an advanced driver assistance system for a
vehicle according to an embodiment of the invention.
[0049] The vehicle comprises at least one tire and at
least one adaptable aerodynamics adaption unit for
adapting a downforce acting on the vehicle during a mo-
tion of the vehicle. The at least one adaptable aerody-
namics adaption unit may comprise at least one adapt-
able air guiding device, for example at least one adapt-
able spoiler and/or at least one adaptable flap and/or at
least one adaptable wing. The vehicle may be a motor
vehicle, in particular a passenger car or a commercial
road vehicle.
[0050] The method comprises a step 40 of determining
a parameter indicative of a footprint of the at least one
tire by a first determining unit of the advanced driver as-
sistance system. In the illustrated embodiment, deter-
mining the parameter comprises determining a length of
the footprint of the at least one tire.
[0051] Moreover, in the illustrated embodiment, the
method further comprises a step 50 of determining a
speed of the vehicle by a second determining unit of the
advanced driver assistance system and a step 60 of de-
termining and setting a nominal value of the footprint of
the at least one tire based on the determined speed of
the vehicle. In the illustrated embodiment, determining
and setting the nominal value of the footprint of the at
least one tire comprises determining and setting a nom-
inal value of the length of the footprint of the at least one
tire based on the determined speed of the vehicle.
[0052] The method further comprises a step 70 of con-
trolling the at least one adaptable aerodynamics adaption
unit based on the determined parameter by a control unit
of the advanced driver assistance system. In the illus-
trated embodiment, controlling the at least one adaptable
aerodynamics adaption unit is further based on the de-
termined speed of the vehicle as discussed in connection
with step 60.
[0053] Controlling the at least one adaptable aerody-
namics adaption unit may comprise adapting a position
of the at least one adaptable air guiding device, for ex-
ample adapting a position of the at least one adaptable
spoiler and/or of the at least one adaptable flap and/or
of the at least one adaptable wing, in particular adapting
a pitch of the at least one adaptable spoiler and/or of the
at least one adaptable flap and/or of the at least one
adaptable wing by rotating the spoiler and/or the flap
and/or the wing around the respective rotation axis.

[0054] The steps 40 to 70 are performed repeatedly
during motion of the vehicle.
[0055] The illustrated embodiments thus provide tire-
road contact information available from a tire information
system in particular for a spoiler feedback loop and op-
timized vehicle stability, in particular optimized high-
speed car stability, i.e. an improved stability at high ve-
locities using for example spoilers.
[0056] Spoilers are typically used to increase the con-
tact between the tire and the road at high speeds. Hence,
information related to the tire-road contact is a very suit-
able measure of the efficiency of the spoiler. This infor-
mation is used according to embodiments of the invention
as an input to control the position of the spoiler in a feed-
back loop that optimizes tire-road contact and high-speed
car stability.
[0057] Thus, information about the tire-road contact is
used to assess the effect of the spoiler position. Accord-
ing to embodiments of the invention, a closed-loop con-
trol is built to control the position of the spoiler in such a
way that tire-road contact and high-speed car stability
are optimized. A framework is thus created where the
position of the spoiler is adjusted optimally and where
tire-road contact is used to enhance the car stability in
various driving conditions.
[0058] Tire-road contact information may be provided
directly by the footprint length in embodiments of the in-
vention.
[0059] Moreover, the invention may be applied to other
means of adapting the shape or dynamics of the vehicle,
whose purpose is to enhance the tire-road contact.

List of reference signs

[0060]

1 advanced driver assistance system
2 vehicle
3 tire
4 aerodynamics adaption unit
5 determining unit
6 control unit
7 sensor
8 inner side
9 tire wall
10 closed loop controller
11 determining unit
12 air guiding device
13 spoiler
14 flap
15 wheel
16 road surface
17 rim
18 tire module
19 rear end
20 electric motor
21 actuator
22 Bowden cable
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23 Bowden cable
24 axis
25 footprint
26 transmitting means
27 sensor
28 energy storage device
29 receiver
30 actuator
31 signal line
32 signal line
33 signal line
34 signal line
35 crank drive
36 outer side
40 step
50 step
60 step
70 step

A arrow
lf length

Claims

1. An advanced driver assistance system (1) for a ve-
hicle (2), the vehicle (2) comprising at least one tire
(3) and at least one adaptable aerodynamics adap-
tion unit (4) for adapting a downforce acting on the
vehicle (2) during a motion of the vehicle (2), the
advanced driver assistance system (1) comprising:

- a first determining unit (5) for determining a
parameter indicative of a footprint (25) of the at
least one tire (3),
- a control unit (6) for controlling the at least one
adaptable aerodynamics adaption unit (4)
based on the determined parameter.

2. The advanced driver assistance system according
to claim 1, wherein the first determining unit (5) is
configured to determine a length of the footprint (25)
of the at least one tire (3).

3. The advanced driver assistance system according
to claim 1 or claim 2, wherein the first determining
unit (5) comprises at least one sensor (7) selected
from the group consisting of an acceleration sensor
and a shock sensor.

4. The advanced driver assistance system according
to any of the preceding claims, wherein the first de-
termining unit (5) is arranged at an inner side (8) of
a tire wall (9) of the at least one tire (3).

5. The advanced driver assistance system according
to any of the preceding claims, wherein the control
unit (6) is a closed loop controller (10) for controlling

the at least one adaptable aerodynamics adaption
unit (4) based on the determined parameter.

6. The advanced driver assistance system according
to any of the preceding claims, further comprising a
second determining unit (11) for determining a speed
of the vehicle (2), wherein the control unit (6) is fur-
ther configured to control the at least one adaptable
aerodynamics adaption unit (4) based on the deter-
mined speed of the vehicle (2).

7. The advanced driver assistance system according
to claim 6, wherein the control unit (6) is configured
to determine a nominal value of the footprint (25) of
the at least one tire (3) based on the determined
speed of the vehicle (2).

8. A vehicle comprising:

- at least one tire (3),
- at least one adaptable aerodynamics adaption
unit (4) for adapting a downforce acting on the
vehicle (2) during a motion of the vehicle (2),
- an advanced driver assistance system (1) ac-
cording to any of the preceding claims.

9. The vehicle according to claim 8, wherein the at least
one adaptable aerodynamics adaption unit (4) com-
prises at least one adaptable air guiding device (12).

10. The vehicle according to claim 9, wherein the at least
one adaptable air guiding device (12) comprises at
least one adaptable spoiler (13) and/or at least one
adaptable flap (14) and/or at least one adaptable
wing.

11. A method for operating an advanced driver assist-
ance system (1) for a vehicle (2), the vehicle (2) com-
prising at least one tire (3) and at least one adaptable
aerodynamics adaption unit (4) for adapting a down-
force acting on the vehicle (2) during a motion of the
vehicle (2), the method comprising:

- determining a parameter indicative of a foot-
print (25) of the at least one tire (3) by a first
determining unit (5) of the advanced driver as-
sistance system (1),
- controlling the at least one adaptable aerody-
namics adaption unit (4) based on the deter-
mined parameter by a control unit (6) of the ad-
vanced driver assistance system (1).

12. The method according to claim 11, wherein deter-
mining the parameter comprises determining a
length of the footprint (25) of the at least one tire (3).

13. The method according to claim 11 or claim 12, further
comprising determining a speed of the vehicle (2) by
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a second determining unit (11) of the advanced driv-
er assistance system (1) and controlling the at least
one adaptable aerodynamics adaption unit (4) based
on the determined speed of the vehicle (2).

14. The method according to claim 13, wherein control-
ling the at least one adaptable aerodynamics adap-
tion unit (4) based on the determined speed of the
vehicle (2) comprises determining a nominal value
of the footprint (25) of the at least one tire (3) based
on the determined speed of the vehicle (2).

15. A computer program product, comprising code tan-
gibly embodied thereon, that when executed on a
processor, causes the processor to perform a meth-
od according to any one of claims 11 to 14.

11 12 
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